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Solving Related Rates Problems

A related rates problem consists of an equation relating two or more functions of time plus specific values for all
of the functions and their rates of change for all but one of the functions. Finding the value of this unknown
rate of change is the goal of any related rates problem. Since related rates problems are typically written as word
problems, part of the difficulty in answering them is extracting all of the relevant information. The following steps
will help guide you through this process.

Example: A 12 ft long ladder rests against a vertical wall. The bottom of the ladder slides away from the wall
at 2 ft/s. How fast is the top of the ladder sliding down the wall when it is 8 ft above the floor?

1. Read problem slowly and carefully: Read one phrase at a time, making note of any quantity that is
changing. The rate of change of these quantities, as well as values of quantities that are not changing, should
be ignored the first time you read through the problem.

Example: The only quantities that are changing are the position of the top of the ladder along the wall
and the position of the bottom of the ladder on the floor.

2. Assign variables: Define a variable (as a function of t) for each quantity that is changing. Values that are
not changing should not be assigned a variable.

Example: Let A(t) denote the position of the top of the ladder against the wall. Let B(t) denote the
position of the bottom of the ladder on the floor. Note that we do not need to assign a variable to the length
of the ladder since that quantity is not changing.

3. Draw a diagram: Whenever possible, draw a diagram representing the scenario described in the problem.
Label the diagram using the variables you previously defined and the specific values of quantities that are
not changing.

Example:

12A(t)

B(t)

4. Find an equation relating all variables: This is the critical step in any related rates problem and where
it really helps to have drawn a diagram. The following is a list of equations that may be useful.

• Pythagorean Theorem: x(t)2 + y(t)2 = d(t)2

• Similar triangles: b(t)/h(t) = B(t)/H(t), etc.

• Definition of trigonometric functions: cos(θ(t)) = x(t)
r(t) , etc.

• Area and perimeter of a rectangle, triangle, or circle.

• Volume and surface area of a rectangular solid.

Do not plug in specific values of variables into this equation at this point.

Example: A(t)2 + B(t)2 = 122. Do not plug in A(t) = 8 at this point.
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5. Differentiate both sides of equation with respect to t: You will now have an equation relating the
variables and their rates of change. Not all variables will necessarily show up in this equation, however, all
of the rates of change (i.e., derivatives) should.

Example: 2A(t)A′(t) + 2B(t)B′(t) = 0.

6. Read problem again: Make note of specific values of variables and their rates of change. Pay close
attention to words like “increasing”, “decreasing”, “towards”, “away”, etc., to determine whether a rate of
change is positive or negative. If need be, use the equation from step 4 to solve for any unknown values of
the variables.

Example: A(t) = 8, B(t) =
√

122 − A(t)2 =
√

80 = 4
√

5, B′(t) = 2.

7. Estimate: Try to get an idea of what the unknown rate of change should be. Positive (i.e., unknown rate
of change is increasing) or negative (i.e., unknown rate of change is decreasing)? Larger or smaller than
certain known rates?

Example: A′(t) should be negative since the top of the ladder is sliding down the wall (i.e., A(t) is
decreasing).

8. Plug in specific values: Use the specific values (in the equation from step 5) to solve for the unknown
rate of change. Summarize the result using phrases like “increasing at a rate of 5 m/s” if the rate of change
is 5 or “decreasing at a rate of 5 m/s” if the rate of change is −5.

Example: 2 · 8 · A′(t) + 2 · 4√5 · 2 = 0 which implies that

A′(t) = −2 · 4√5 · 2
2 · 8 = −

√
5

The top of the ladder is sliding down the wall at a rate of
√

5 ft/s (i.e., the position of the top of the ladder
is decreasing at a rate of

√
5 ft/s).

More Related Rates Problems

1. Consider a rectangular box without a lid. Suppose the height of the box is increasing at a rate of 5 in/min,
the width is decreasing at a rate of 4 in/min, and the length is increasing at a rate of 3 in/min. What is
the rate of change of the surface area of the outside of the box when the height is 10 in, width is 7 in, and
length is 13 in?

2. Suppose a truck is traveling eastbound towards an intersection at 60 mph and that a police car is positioned
1 mile due south of the intersection. Compute the rate of change of the distance between the two vehicles
when the truck is 1 mile west of the intersection, when the truck is going through the intersection, and when
the truck is 1 mile east of the intersection.

3. Bob is 1 mile due east of Alice. At noon, Alice starts walking north at 3 mph and Bob starts walking south
at 4 mph. What is the rate of change of the distance between Alice and Bob at 2:00pm?

Suppose Bob is walking so that he can see Alice. At what rate does Bob need to rotate his body so that he
will always be looking directly at Alice?

4. Suppose a tank in the shape of an inverted cone is being filled with water. The height of the tank is 10 ft
and the radius of the tank is increasing at a rate of 3 ft/min. If water is being poured into the tank at a
rate of 60 ft3/min, what is the rate of change of the water level when the water is 5 ft deep and the radius
of the tank is 8 ft?


